A survey was conducted on the technical parameters (exposure factor) used on some X-ray examinations (skull posteroanterior [PA], skull anteroposterior [AP], skull lateral [LAT], chest posteroanterior [PA], chest lateral [LAT], abdomen anteroposterior [AP], and pelvis anteroposterior [AP]) in six hospitals across the three senatorial zones (Owerri, Orlu, and Okigwe) in Imo State, Nigeria. A total of 100 patients were included in the survey. For each patient, the technical parameters (mAs and kVp) were recorded during the specific medical examination. Patients' information such as age, mass, and height was also taken. The results showed that the kVp mean values obtained were 80.00, 75.00, 75.00, 73.58, 83.36, and 75.08 for skull PA, skull LAT, chest PA, chest LAT, abdomen AP, and pelvis AP examination, respectively, and the mAs mean values obtained were 26.30, 30.00, 31.29, 32.76, 41.46, and 29.00 for skull PA, skull LAT, chest PA, chest LAT, abdomen AP, and pelvis AP examinations, respectively. These values are lower than international standards which imply that the personnel at the X-rays diagnostic center visited are doing fine.
INTRODUCTION
The discovery of X-rays no doubt has brought a quantum leap to science in nearly all sectors where scientific application is being employed. With the discovery of X-rays over decades ago, ionizing radiation began to be used in revealing the parts of the human body that previously could not be seen, thereby improving the diagnostic techniques available to the medical profession. This X-rays belongs to the group of radiation called ionizing radiation. Ionizing radiation is a radiation which has enough energy to eject electron through the material it traverses, and in the human tissue or cell, this ionization results in the dissociation of water molecule and subsequent production of reactive species, which when they react with DNA molecules causing biological damage. There are two types of biological effects it can cause: somatic and genetic. The somatic effect affects only the exposed person, whereas the genetic effect affects the offspring of the exposed person. [1] Moreover, the properties that make ionizing radiation so effective for diagnostic and therapeutic purposes, namely its ability to penetrate tissue and to kill and transform tissue cells, can also make it hazardous to health. Despite development in variety of modern imaging techniques such as ultrasound and magnetic resonance imaging which do not make use of radiation, conventional radiography has remained an important diagnostic imaging method not only because of the oldest form of diagnostic imaging technique but also because of certain benefits it has over the modern techniques. Therefore, great concern must be shown to avoid unnecessary exposure to radiation during diagnostic radiology. Using radiation in diagnostic radiology, two principles must be concerned with: principles of justification and optimization. The justification for the use of ionizing radiation in diagnostic radiology must outweigh the detrimental effect and the exposure must be optimized to as low as reasonably achievable to minimize its deleterious effects. That is, there is a need to optimize the technical parameter to identify the radiation parameter that will give the lowest achievable doses and quantitative image simultaneously. These optimization procedures include the manipulation of radiological parameters that are involved in the form of image in diagnostic radiology. [2] Over the years, medical application represents largest artificial source of exposure to ionizing radiation. [1, 3] This medical exposure accounts for 98% of the contribution to the population dose worldwide, representing approximately 20% of the total. [4] It was estimated that diagnostic radiology and nuclear medicine contributed 96% to the collective effective dose from artificial source in the UK. [5, 6] It is estimated that diagnostic radiology and nuclear medicine contributed 88% to the collective effective dose from artificial source in the US, whereas in the UK similar contribution was 96%. [5] [6] [7] There have been efforts on how to reduce radiation exposure in diagnostic radiology and these efforts have produced substantial reductions in radiation doses to patients resulting from radiographic procedures in many countries. [2] A number of national and regional dose survey and image quality reports have revealed large patient dose variations for patients undergoing the same type of diagnostic X-ray examination. [8] Furthermore, many of the measured doses in the upper part of the dose range may represent radiation levels that are unnecessarily high. On the other hand, doses in the lower part may result in poor image quality. It is, therefore, important to assess the levels of image quality in relation to patient dose levels that will produce images of acceptable quality. Such results can allow comparison of performance among laboratories within a region or country. In developing country, Nigeria in particular, monitoring of X-ray technical parameters has not received much attention and this may affect the way personnel adhere to standard practices. The efforts of regulatory bodies such as the Nigerian Nuclear Regulatory Authority (NNRA) to regularize radiological practices are scarcely felt largely due to poor funding by the government. [1] Thus, there is high possibility that the personnel may sometime deviate from the best practices. The aim of this study is to carry out a survey and on-spot assessment of technical parameters used in X-ray diagnostic in selected centers within Imo state, Nigeria. This will help us know how conformity is the dose received by patients, in order to obtain qualitative and superior diagnostic image, to the international standards.
MATERIALS AND METHODS
This survey was carried out on 100 patients and four selected X-ray examinations (six projections) in Imo State, Nigeria. The map in Figure 1 shows the sampling areas. The state included three senatorial zones, and six hospitals were selected across the zones. The hospitals participated in the survey were Federal Medical Centre (FMC), Owerri; Umezurike Hospital Owerri (UHO); Imo State University Teaching Hospital (ITH), Orlu; General Hospital Okigwe (GHO); Holy Rosary Hospital (HRH), Emekuku; and St. Christina Specialist Hospital (CSH), Egbu, Owerri. The selection of these hospitals to participate in the survey is largely due to their patients' population and their location in the senatorial zones. The distribution of X-ray personnel in the selected hospitals is presented in Table 1 . For each hospital, specific data such as name of X-ray machine, manufacturer of X-ray machine, year of manufacture, and filtration used on each X-ray machine were recorded as presented in Table 2 . The weighing scale was used to determine each patient's mass, whereas the meter tape was used to determine each patient's height. The patients' information and exposure and technical parameters (mAs, kVp, and focus film distance [FFD]) for the six projections considered are tabulated according to the age groups and are presented in Tables 3, 4 , 5, 6, 7, and 8. The mAs and kVp were read directly from the control panel of the X-ray machines, whereas the FFD was measured using a centimeter tape attached to the X-ray machines. Besides, some patients' information such as age, mass, and height was collected. The mass of each patient was measured using a weighing scale, whereas the height of each patient was determined using a meter tape. With the mass and height of each patient, we were able to determine the body mass index (BMI) using the equation below: 2 
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The BMI determined in this survey was for those patients whose images were diagnostically accepted. The distribution of radiographic data and patient information is presented in Table 4 .
RESULTS AND DISCUSSION
In this survey, a total of 100 patients were examined based on the acceptance of diagnostic images by the radiographers. The patients were grouped into three categories: 0-10 years (children), 11-18 years (young adults), and above 18 years (adults). A summary of radiographic data and patients' information for each examination in three different age groups (0-10, 11-18, and >18 years) is presented in Tables 3, 4 , 5, 6, 7, and 8. The results of their statistical analysis (mean, minimum, maximum, and coefficient of variation [%]) for all the six projections considered across all the age range are also presented in the aforementioned tables. There is a slight variation in technical parameters (kVp and mAs) used in these hospitals, which shows that there is no uniformity in their procedure. For instance, mAs has a mean of 10 mAs for skull LAT in the age range of 0-10 years, mean of 25 mAs for skull LAT in the age range of 11-18 years, and mean of 30 mAs in the age range of 18 years and above. A similar pattern was observed in the remaining radiographic projections. However, there is a sharp gap in the chest PA mean value of 22.79 mAs in the age range of 11-18 and mean value of 31.29 mAs in the age range of 18 years and above. We made a comparison of our survey with the report from Ghana [ Table 9 -12], [9] from other part of Nigeria [Tables  13-17 ], [1] Malaysia [Table 18 ], [10] and UK [11] [ Table 19 ]. These are presented in Tables 9-19. Moreover, [Tables 9-19 ] enable us to compare the technical parameters (kVp and mAs) obtained in this study for six different examinations with other researchers. Table 17 shows comparison between this [10] whereas Table 20 shows the interhospital dose variations.
From the results of our finding [Table 18 ], abdomen AP examination had the highest mean value of kVp for four hospitals/X-ray centers whereas data from the remaining two hospitals were not available. There was a little technical parameter variation in these hospitals. Similar thing was also recorded for mAs values in the four hospitals. In skull PA/AP examination, the mean value of mAs for ITH is 26.30, whereas FMC, UHO, GHO, HRH, and CSH mAs values were not available at the time of this work. Similarly, in skull LAT examination, only GHO disclosed information on the mean mAs which is 30.00, whereas FMC, UHO, ITH, HRH, and CSH were not available at the time of this work. A graphical representation of the kVp and mAs values are shown in Figures 2 and 3 respectively. The bar charts provide the graphical interpretation for the kVp and mAs values of the studied hospitals.
Comparison of mean kVP values used in this study with the UK data (Hart et al., 2012) shows that the mean values chosen in chest PA, abdomen AP, pelvis AP, and skull AP in this study are comparable with the UK value. However, kVp data in chest LAT and skull LAT are not available at the time of study. The mean and range of exposure parameter values obtained from this study for the six radiographic projections are comparable with that obtained by Ng et al. [10] in Malaysia and Anomohanran et al. [12] in Delta State Nigeria. Moreover, the comparison of this work with international standard shows that the mean mAs values of this work are lower than the international variation dose values which causes poor image production quality and decrease the patient exposure and X-ray tube heating. Image formation in diagnostic radiology involves a complex interplay between many different parameters. Achieving the optimal system for any application requires an understanding of the way in which an image is formed and how different factors influence both quality and the radiation doses received [10] This work Malaysia [10] This work [11] This work UK [11] This work 
CONCLUSIONS
The technical parameters of patients undergoing skull PA, skull LAT, chest PA, chest LAT, abdomen AP, and pelvis AP examinations in six hospitals in Imo State, Nigeria, have been monitored. The result of this finding implies that there is an urgent need for regular and effective monitoring of radiological practices by NNRA in the surveyed centers and cost-effective programs should be developed in Imo State, Nigeria, in order to harmonize radiation doses without loss of the diagnostic value of X-ray images. This monitoring program could include quality assurance, setting of guidelines for different exposure, regular assessment of technical parameters, organization of conferences, workshops, and courses in order to retrain the personnel, so they can be aware of latest developments in the field.
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